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~ The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
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International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 

Claims 1 and 4-15 are pending. Claims 2-3 have been canceled. Claims 1 and 4-15 have been 
examined. Claims 1 and 4-15 have been allowed. 

Response to Amendment 

1 . The Applicant's amendment to the drawing filed 1/1 6/2008 have been considered and 
accepted. 

Allowable Subject Matter 
Claims 1 and 4-15 are allowed. The following is an examiner's statement of reasons for 
allowance: 

2. As per claim 1 , the prior arts of record teach a method for numerical analysis of a flow field 
of incompressible viscous fluid, directly using V-CAD data, comprising the steps of: 

(A) dividing external data into a plurality of cells having boundaries orthogonal to each 
other, the external data including boundary data of an object which contacts incompressible 
viscous fluid; 

(B) classifying the divided cells into an internal cell positioned inside or outside the 
object and a boundary cell including the boundary data; 

(C) determining cut points in ridges of the boundary cell on the basis of the boundary 
data; 

(D) determining a polygon connecting the cut points to be cell internal data for the 
boundary face; 



Application/Control Number: 10/540,861 
Art Unit: 2128 



Page 3 



(E) applying a cut cell finite volume method combined with a VOF method to a boundary 
of a flow field to analyze the flow field; 

but do not teach the step (E) comprising following steps of: 

i. applying a two-dimensional QUICK interpolation scheme to a convection term for 
space integral; 

ii. applying central difference having precision of a degree of a second order to a 
diffusion term; 

iii. combining the convection term and the diffusion term, and applying Adams-Bashforth 
method having precision of a degree of a second order to the combined convection term 
and diffusion term for time marching; and 

iv. applying an Euler implicit method having precision of a degree of a first order to a 
pressure gradient term for time marching, 

wherein for a two-dimensional boundary cell, a governing equation in the finite volume 
method is expressed by a governing equation (7), 



Av = -\jdiv(u®u)ctV- \\MpiW^ \]div{grad{u)W 



(7) 



wherein 




< corresponds to the convection term, 



- jjdiv(pf)dV 



corresponds to the pressure gradient term, and 
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corresponds to the diffusion term, wherein -"■ designates velocity of 
flow of viscous fluid, V designates differential volume of the viscous fluid, P 1 designates 

pressure p of the viscous fluid along the -^.vector, and Re corresponds to a non- 
dimensional Reynolds number; and 

(F) outputting to an output device a result of the method for numerical analysis of the 
flow field of incompressible viscous fluid, wherein the output device prints, or displays, or 
prints and displays, the result; 

As recited by the claimed invention. 

3. As per claim 14, the prior arts of record teach a device for numerical analysis of a flow field 
of incompressible viscous fluid, directly using V-CAD data, the device comprising: 

an input device for inputting external data including boundary data of an object that 
contacts incompressible viscous fluid; 

an external storage device for storing substantial data of shape data and physical 
property data integrated into each other, and a storage operational program for the 
substantial data; 

an internal storage device and central processing device for executing the storage 
operational program; and 

an output device for outputting a result of the execution of the storage operational 
program; 

wherein the device for numerical analysis 
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(A) dividing external data into a plurality of cells having boundaries orthogonal to each 
other, the external data including boundary data of an object which contacts incompressible 
viscous fluid; 

(B) classifying the divided cells into an internal cell positioned inside or outside the 
object and a boundary cell including the boundary data; 

(C) determining cut points in ridges of the boundary cell on the basis of the boundary 
data; 

(D) determining a polygon connecting the cut points to be cell internal data for the 
boundary face. 

(E) applying a cut cell finite volume method combined with a VOF method to a boundary 
of a flow field to analyze the flow field; wherein when the device for numerical analysis 
applies the cut cell finite volume method combined with a VOF method to the boundary of 
the flow field to analyze the flow field; 

but do not teach the step (E) comprising following steps: 

i. applying a two-dimensional QUICK interpolation scheme to a convection term for 
space integral; 

ii. applying central difference having precision of a degree of a second order to a 
diffusion term; 

iii. combining the convection term and the diffusion term, and applying Adams-Bashforth 
method having precision of a degree of a second order to the combined convection term 
and diffusion term for time marching; and 

iv. applying an Euler implicit method having precision of a degree of a first order to a 
pressure gradient term for time marching, 
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wherein for a two-dimensional boundary cell, a governing equation in the finite volume 
method is expressed by a governing equation (7), 

(thdV = -\\div(u mW~ \\div{pl)dV+^- \\div{grad{u)W ( 7 ) 

wherein i < corresponds to the convection term, 

-jfeivipfjdV 

corresponds to the pressure gradient term, and 




corresponds to the diffusion term, wherein -"• designates velocity of 
flow of viscous fluid, V designates differential volume of the viscous fluid, ~fi designates 
pressure p of the viscous fluid along the J '. vector, and Re corresponds to a non- 
dimensional Reynolds number; 

As recited by the claimed invention. 

4. As per claim 15, the prior arts of record teach a computer readable medium comprising a 
program stored thereon for numerical analysis of a flow field of incompressible viscous fluid, 
directly using V-CAD data, wherein the program cause a computer to perform the steps of: 

(A) dividing external data into a plurality of cells having boundaries orthogonal to each 
other, the external data including boundary data of an object which contacts incompressible 
viscous fluid; 
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(B) classifying the divided cells into an internal cell positioned inside or outside the 
object and a boundary cell including the boundary data; 

(C) determining cut points in ridges of the boundary cell on the basis of the boundary 
data; 

(D) determining a polygon connecting the cut points to be cell internal data for the 
boundary face. 

(E) applying a cut cell finite volume method combined with a VOF method to a boundary 
of a flow field to analyze the flow field; 

but do not teach the step (E) comprising following steps: 

i. applying a two-dimensional QUICK interpolation scheme to a convection term for 
space integral; 

ii. applying central difference having precision of a degree of a second order to a 
diffusion term; 

iii. combining the convection term and the diffusion term, and applying Adams-Bashforth 
method having precision of a degree of a second order to the combined convection term 
and diffusion term for time marching; and 

iv. applying an Euler implicit method having precision of a degree of a first order to a 
pressure gradient term for time marching, 

wherein for a two-dimensional boundary cell, a governing equation in the finite volume 
method is expressed by a governing equation (7), 

\[^dV = - [\div{umW - \\div(pt W+— \\div{gmd{u)W ( 7 ) 

J; dt £ I] Re^ 
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wherein l ^ \ corresponds to the convection term, 

K ( - 

corresponds to the pressure gradient term, and 




corresponds to the diffusion term, wherein " designates velocity of 
flow of viscous fluid, V designates differential volume of the viscous fluid, P~i designates 

pressure p of the viscous fluid along the -^.vector, and Re corresponds to a non- 
dimensional Reynolds number; and 

(F) outputting to an output device a result of the method for numerical analysis of the 
flow field of incompressible viscous fluid, wherein the output device prints, or displays, or 
prints and displays, the result; 

As recited by the claimed invention. 



Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Cuong V. Luu whose telephone number is 571-272-8572. The examiner 
can normally be reached on Monday-Friday 8:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Kamini Shah, can be reached on 571-272-2279. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. An inquiry of a 
general nature or relating to the status of this application should be directed to the TC2100 
Group receptionist: 571-272-2100. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

/Cuong V Luu/ 
Examiner, Art Unit 2128 



/Hugh Jones/ 

Primary Examiner, Art Unit 2128 



